The advent of large surveys is making possible the unravelling of the mass assembly history of the Milky Way. Studies of the kinematics and chemical compositions of Galactic globular clusters (GCs) enable the reconstruction of the history of star formation, chemical evolution, and mass assembly of the Galaxy. Using the latest data release (DR16) of the SDSS/APOGEE survey, we identify 3,090 stars associated with 46 GCs. Using a previously defined kinematic association, we break the sample down into eight separate groups and examine how the kinematics-based classification maps into chemical composition space, considering only α (mostly Si and Mg) elements and Fe. Our results show that: (i) The loci of both in situ and accreted subgroups in chemical space match those of their field counterparts; (ii) GCs from different individual accreted subgroups occupy the same locus in chemical space. This could either mean that they share a similar origin or that they are associated with distinct satellites which underwent similar chemical enrichment histories; (iii) The chemical compositions of the GCs associated with the low orbital energy subgroup defined by Massari and collaborators is broadly consistent with an in situ origin. However, at the low metallicity end, the distinction between accreted and in situ populations is blurred; (iv) Regarding the status of GCs whose origin is ambiguous, we conclude the following: the position in Si-Fe plane suggests an in situ origin for Liller 1 and a likely accreted origin for NGC 5904 and NGC 6388. The case of NGC 288 is unclear, as its orbital properties suggest an accretion origin, its chemical composition suggests it may have formed in situ.
INTRODUCTION
In a ΛCDM cosmology, galaxies grow in mass due to the process of hierarchical assembly, whereby low-mass structures merge together to form the galaxies we observe in the local universe. The signature of this process can be identified in the Milky Way, in the form of halo stellar streams ( e.g., Helmi et al. 1999; Belokurov et al. 2006; Ibata et al. 2016) , substructure in phase space, such as the Gaia-Enceladus/Sausage system (GE/S, Belokurov et al. 2018; Haywood et al. 2018; Helmi et al. 2018; Mackereth et al. 2019) , and ongoing accretion, such as the Sagittarius dwarf spheroidal (Sgr dSph, Ibata et al. 1994) .
The satellites involved in such merger events naturally brought with them a cohort of globular clusters (GCs) ( e.g., Peñarrubia et al. 2009 ), which survived the tidal interaction with the central halo and today are an integral part of the Galactic GC system. For decades, this has been the focus of various studies (e.g., Searle & Zinn 1978; Fall & Rees 1985; Ashman & Zepf 1992; Brodie & Strader 2006) , aiming at using age, chemical composition, and phase-space information in order to, on one hand, understand the origin of the Galactic GC system, and on the other constrain the early history of mass assembly of the Milky Way. Key to that enterprise is to discern which of the Galactic GCs were formed in situ and which were accreted. In the last decade, the availability of precise ages (Marín-Franch et al. 2009; VandenBerg et al. 2013 ) has led to the discovery of the bifurcation in the age-metallicity relation of Galactic GCs (Marín-Franch et al. 2009; Forbes & Bridges 2010; Leaman et al. 2013) , which, combined with results from high-resolution hydrodynamical cosmological simulations of Milky Way analogues, has further constrained the origin the Galactic GC system (Kruijssen et al. 2019; Myeong et al. 2019 ). Furthermore, the advent of the Gaia survey (Gaia Collaboration et al. 2018) , and the resulting precise 6D phase-space information have made possible a much better characterization of the properties of the Galactic GC system.
Along those lines, a recent study by Massari et al. (2019) presented a new classification of the Galactic GC system in terms of the kinematic properties of its members. By studying their distribution in integral of motions (hereafter, IOM) space, Massari et al. (2019) established an association of each GC to one of the following main groups: Main Disk (MD), Main Bulge (MB), Gaia Enceladus (GE), Sagittarius (Sag), Helmi Streams (H99), Sequoia (Seq), Low Energy (LE) and High Energy (HE).
The 16th data release of the Sloan Digital Sky Survey (DR16 Ahumada et al. 2019) includes data for over 450k stars from the APOGEE survey (Majewski et al. 2017) , placing us in an advantageous position to obtain detailed chemical-abundance information for stars that are members of a significant fraction of the total Galactic GC population (Mészáros et al. 2015; Schiavon et al. 2017b; Mészáros et al. 2018; Masseron et al. 2019; Nataf et al. 2019) . Such data will substantially further our understanding of the origin of the Galactic GC system, and in the process will help constrain the assembly history of the Milky Way. In this paper, we present an examination of the chemical properties of the GC groups identified by Massari et al. (2019) . Our goal is to check whether subgroups that are defined purely on the basis of orbital properties can also be distinguished in terms of their chemical properties. In the process it is also possible to verify whether the chemical compositions are consistent with the star formation and chemical enrichment histories expected from the systems they are associated with. This paper is structured as follows. In Section 2, we briefly describe our data. In Section 3, we describe the sample used and the criteria adopted to define GC membership, and in Section 4, we present the results obtained from the examination of the chemical properties of the kinematically defined GC groups. Section 5 summarizes our results and conclusions.
DATA
We use data from the sixteenth data release of SDSS-IV (Ahumada et al. 2019) , which contains refined elemental abundances (Jönsson et al. 2019, submitted.) from the APOGEE-2 survey (Majewski et al. 2017) , which is one of four SDSS-IV (Blanton et al. 2017) experiments. APOGEE-2 is a near-infrared high-signal-to-noise ratio (S/N > 100 pixel −1 ), high-resolution (R ∼22,500) spectroscopic survey of over 450,000 Milky Way stars in the near-infrared H Band (1.5-1.7 µm). Observations were based on two twin NIR spectrographs (Wilson et al. 2019) attached to the 2.5 m telescopes at Apache Point (Gunn et al. 2006) , and Las Campanas Observatories. Targets were selected in general from the 2MASS point-source catalogue, employing a dereddened (J − K s) ≥ 0.3 colour cut in up to three apparent H magnitude bins. Reddening corrections were determined using the Rayleigh-Jeans Colour Excess method (RJCE; Majewski et al. 2011) , based on NIR photometry from the 2MASS point source catalogue (Skrutskie et al. 2006) , and mid-IR data from the Spitzer-IRAC GLIMPSE-I,-II, and -3D (Churchwell et al. 2009 ) when available from WISE (Wright et al. 2010) . A more in-depth description of the APOGEE survey, target selection, raw data, data reduction and spectral analysis pipelines can be found in Majewski et al. (2017 ), Holtzman et al. (2015 , Nidever et al. (2015) , García Pérez et al. (2016) , Jönsson et al. (2018) , Zasowski et al. (2017) , respectively. All the APOGEE data products used in this paper are those output by the standard data reduction and analysis pipeline. The data are first processed (Nidever et al. (2015) & Jönsson et al, in prep.) before being fed into the APOGEE Stellar Parameters and chemical-abundances Pipeline (ASPCAP; García Pérez et al. 2016, Jönsson et al in prep) . ASPCAP makes use of a specifically computed spectral library (Zamora et al. 2015; Holtzman et al. 2018, and Jönsson et al, in prep) , calculated using a customised H -band line-list (Shetrone et al. 2015, Cunha et al., in prep.) , from which the outputs are analysed, calibrated, and tabulated (Holtzman et al. 2018) .
GLOBULAR CLUSTER SAMPLE AND MEMBERSHIP

Main sample
In this subsection, we describe the method employed for determining the GC sample in APOGEE DR16. We build on previous work that has derived a GC sample in earlier data releases of APOGEE ( Mészáros et al. 2015; Schiavon et al. 2017b; Nataf et al. 2019 ) and use the GC catalogues from Harris (1996) , Baumgardt & Hilker (2018) and Baumgardt et al. (2019) in order to establish GC membership of stars in the DR16 sample. The methodology employed for identifying GC members is two-fold: the first step comprises the determination of an initial sample based on the values from the aforementioned catalogues. For this, we make use of data on GC positions (Galactic latitude and longitude), radial velocities, the radial velocity dispersions, tidal radii and mean metallicity values. We use these values, and the values provided by APOGEE DR16 catalogue, to associate any star to be a member of a GC if:
where [Fe/H] is the iron abundance, rv is the stellar heliocentric radial velocity, σ GC is the cluster's radial velocity dispersion, d pr o j is the projected distance between the star and the GC centre, and r vir is the cluster's tidal radius. For GCs which are known to present a spead in metallicity (namely, NGC 6715, Terzan 5 and ω Cen), criterion i) was ommitted.
The GC iron abundances and centre coordinates were extracted from the 2010 edition of the Harris catalogue (Harris 1996) , whereas the GC radial velocities, velocity dispersions, and tidal radii were obtained from the latest versions of the Baumgardt & Hilker catalogue 1 , 2 (Baumgardt & Hilker 2018; Baumgardt et al. 2019) . The stellar data come from APOGEE.
The first step of the procedure consisted of the application of criteria (i) to (iii) above, which yielded a preliminary sample of ∼3,650 stars. Having obtained this preliminary sample, the second step involved examining the metallicity distribution functions (MDFs) of the candidates selected in the first pass, which adopted a very broad [Fe/H] search interval. If the MDF peaked at a value within 0.3 dex from the Harris catalogue value, and the distribution did not present tails of more than 0.3 dex away from the mean [Fe/H] value, all candidates were deemed GC members. For those cases in which the MDF peaked within 0.3 dex of the Harris catalogue value, but presented a broader, less peaked, distribution, the sample was further cleaned through σ-clipping, as follows. We computed the mean and standard deviation of the [Fe/H] values, and then conducted the σ-clipping procedure by removing any member candidates that presented [Fe/H] abundances 1 σ away from the mean. However, for most GCs the resulting clipped MDF still presented tails in the distribution, so we had to perform a second σ clipping, removing stars that deviated from the mean [Fe/H] value by more than 2 times the newly computed σ value. Figure 1 illustrates the σ-clipping method employed and how successfully it works in defining GC candidate members from our initial sample, removing any false positives. For a full visualization of all the MDF cuts performed on the 43 GCs in our final main GC sample and the resulting radial velocity distribution, see Appendix A. We found that, by conducting this methodology, we were able to minimise false positives and obtain a reliable sample of GC members in APOGEE DR16. For 11 GCs from our original sample, fewer than 3 star members could be identified, so these GCs were removed from consideration. The final sample contained 3,090 stars, associated with 46 GCs. Our selection procedure is quite conservative and likely excludes GC members. However, sample purity is more important for our goals than completeness. The mean elemental abundances, rv values, and associated standard deviations for the member stars for each GC are listed in Table 1 . For GCs with large [Fe/H] spreads (namely, ω Cen, NGC 6715 and Terzan 5), mean abundances are not entirely meaningful. Moreover, in such cases the mean abundance ratios do not necessarily reflect those of the environments the GCs were born. Therefore, we removed these clusters from consideration. With this additional cut, our final working sample contains 1728 stars associated with 43 GCs. Recently, Mészáros et al. (2019) performed a careful GC membership analysis, obtaining a sample that is very similar to ours. They proceeded to study star-to-star internal abundance variations in GCs, with data based on the BACCHUS (Masseron et al. 2016 ) abundance pipeline. We have repeated our entire analysis adopting both (Mészáros et al. 2019 ) member sample and abundances and obtained the same results as presented in this paper.
Globular cluster groups
In this subsection we briefly discuss how the GCs in our sample are distributed across the kinematic groups defined by Massari et al. (2019) (see Fig 2) . From our main sample of 43 GCs, we find that 9 can be associated to the MD group, 10 to the MB, 9 to the GE dwarf spheroidal, 5 to the H99, 6 to the LE group and 1 to the Seq dwarf spheroidal. An additional 5 GCs from our sample could not be unambigously associated to a single group by Massari et al. (2019) . The GC NGC 3201 could be associated to either of the GE or Seq group, NGC 5904 could belong to either GE or H99, and Liller 1 is listed as unclassified. Similarly, NGC 6388 is originally classified as a MB GC by (Massari et al. 2019) . However, recent work has shown that NGC 6388 can be associated to the Sequoia accretion event based on its eccentric-retrograde orbit (Myeong et al. 2019) . For this work, we initially follow the Massari et al. (2019) classifica-tion and include NGC 6388 in the MB subgroup, and study its chemical-abundances in order to discern if this GC is from in situ or accreted origin. Along the same lines, since it has recently been shown that NGC 3201 could be associated kinematically to the Sequoia dwarf remnant (Myeong et al. 2019) , we choose to include these GCs in the Seq group. in the main sample and the kinematic group association see Table 3 .
Elemental abundances and orbital parameters
In this paper, we report an examination of the APOGEE DR16 chemical-compositions for GCs from various subgroups. Specifically, we focus on studying trends in αelement abundances as a function of [Fe/H] to gain insights into the nature of the subgroups. Our goal is to examine how the kinematic classification by Massari et al. (2019) maps into chemical composition space. In so doing we expect to constrain the nature of the progenitors of the various sub-systems making up the Galactic halo, given the relation between chemical compositions stellar populations and their histories of star formation and chemical enrichment. This also makes possible a more clear distinction between GCs formed in situ from those belonging to accreted systems We focus on calibrated abundances (Jönsson et al. 2018) , which have been compared in detail with independent determinations by other groups. Of relevance to this work, Jönsson et al. (2018) show that Si abundances, although differing from those of some of the other groups by statistically significant zero-point shifts, show no trends with stellar parameters. Since our results depend fundamentally on relative differences between abundances from a homogeneous set, such small zero-point effects are not important. The αelement of choice for this study is silicon. We use the [Si/Fe] abundances, as silicon has been shown in previous data releases to be one of the most reliable α-abundance measurements in APOGEE (Jönsson et al. 2018) . Magnesium is another α-element for which APOGEE provides exquisite abundances, however it is affected by internal GC evolution (e.g., Bastian & Lardo 2018) , so we remove it from consideration when using the main sample. In order to verify that our choice of α-element does not affect our conclusions, we performed the analysis adopting [Mg/Fe] from first population stars and found that our results are unchanged. In addition, we compared our mean [Si/Fe] with those from the compilation by Pritzl et al. (2005) , finding our values to be slightly lower, of the order of ∼ 0.1 dex. Again, such a small zero-point difference has no impact on our results.
Orbital parameters were estimated for our sample of GCs as follows. We calculated the action integrals for each of the 46 GCs using the potential defined by Bovy (2015 , using the publicly available code galpy 3 (Bovy 2015; Mackereth & Bovy 2018) . In order to obtain reliable kinematic measurements, we draw 100 samples for each of the 6-D phase-space parameters given by the GC table in Vasiliev (2019) , and obtain 100 estimates of the orbital parameters for each cluster, for which we then take the median and standard deviation as our value and associated uncertainty. Fig. 2 displays the energy (E) values obtained using this method as a function of the azimuthal action (L Z ) for all the GCs in our main sample, colour-coded by subgroup association. Highlighted as star symbols are GCs which display peculiar [Si/Fe] when compared to the remaining GCs in the same subgroup. We find that our orbital energy values differ from those of Massari et al. (2019) . Such differences can be traced back to the adoption of different Galactic potentials with different total masses-while Massari et al. (2019) adopted a McMillan potential (McMillan 2017), the one adopted in this work was MWPotential2014 (Bovy 2015) . We assessed the impact of Galactic potential choice on our results by re-running the calculations using the McMillan potential, and found that the GC associations to the various subgroups were unchanged, and are consistent with those found in Massari et al. (2019) .
RESULTS
Disc, Bulge and Low Energy GCs
In Fig. 3 we show the mean [Si/Fe] chemical-abundance measurements as a function of [Fe/H] for the MD (blue symbols), MB (orange symbols) and LE (red symbols) kinematically identified subgroups. Also plotted are the data for the GC Liller 1 (yellow dot), which is discussed in Section 4.3. At first glance the three subgroups occupy roughly the same locus in [Si/Fe] space, resembling the region of abundance space occupied by field stars from the disc and bulge components of the Milky Way (e.g., Hayden et al. 2015 When the three subgroups are considered separately, however, the relatively small number of GCs in our sample prevents the unequivocal identification of a "knee" in the Si-Fe plane for any of the subgroups in Figure 3 . In the case (3) Main-Bulge NGC 6539 (6), NGC 6171 (51), Terzan 2(4), NGC 6553 (23), NGC 6380 (15), NGC 6522 (6), NGC 6388 (24), NGC 6540(4), NGC 6723 (7), HP 1 (12) Gaia-Enceladus NGC 1904 (17), NGC 2808 (66), NGC 6205 (80), NGC 6229 (6), NGC 6341 (10), NGC 362 (49), NGC 7089 (26), NGC 1851 (30), NGC 288 (35), NGC 5904 (167) Sequoia NGC 5466 (7), NGC 3201 (114), NGC 6388 (24) Sagittarius -Helmi streams NGC 5024 (18), NGC 5053 (11), NGC 4590 (13), NGC 5272(110), Pal 5(3), NGC 5904 (167) Low-Energy NGC 6809(60), Pal 6(5), NGC 6441 (28), NGC 6121 (140), NGC 6254 (59), NGC 6544 (21) High-Energy -XXX Liller 1(4) Table 3 . GCs obtained in APOGEE DR16 associated to the kinematic subgroups as defined in Massari et al. (2019) , after removing GCs with less than 3 star members. The GCs highlighted in bold are associations that are uncertain. The number of APOGEE member stars associated to each GC are given in parentheses.
of the MB subgroup, the sample does not contain enough GCs at [Fe/H] < ∼ -0.8 to firmly establish the existence of a low metallicity [Si/Fe] plateau. The LE subgroup straddles properly both [Fe/H] sides of the "knee" and the GCs seem to follow the same trend as the field population, but the sample is too small for a solid conclusion. The sample for the MD subgroup covers a wide range in [Fe/H] towards the metalpoor side of the knee, but contains only one GC on the metalrich end, whose position on the Si-Fe is consistent with the existence of a knee in that subgroup. Again, the sample is not large enough at [Fe/H] > ∼ -0.8 for a robust conclusion. The GC on the metal-rich end of the MD subgroup is Pal 10. We checked to see whether the orbital properties of this cluster match those of the MD GC population. In Fig 2 we show that Pal 10 does follow a disc-like orbit, displaying energy values of E∼-6000 km 2 /s 2 and following a prograde orbit (i.e. L Z ∼0.7 10 3 kpc km/s), therefore it is likely to belong to the MD subgroup. All in all, the MB and MD subgroups follow the trend defined by the field population, thus we conclude that these subgroups share an in situ origin.
Since the origin of the LE subgroup is contentious, the locus of GCs from that subgroup merits some attention. Our results show that the GCs from this subgroup occupy the same locus in [Si/Fe] vs [Fe/H] space as the MD/MB GCs. This result is in line with the similarity of these subgroups in E-L Z space, (see Fig. 2 of this paper and Fig. 3 of Massari et al. 2019) We note, however, that at [Fe/H] < ∼ −1.5 it is almost impossible to distinguish between accreted and in situ GCs in the Si-Fe plane, so that an accreted origin for the three most metal-poor GCs in the LE group (namely, NGC 6254, NGC 6544 and NGC 6809) cannot be ruled out.
In summary, from the point of view of kinematics, the low energy defining this subgroup makes it hard to distin-guish it from the MD/MB subgroups (Fig. 2) . On the basis of the chemistry, while the metal-rich GCs NGC 6441, Pal 6 and NGC 6121 are clearly associated with the the MD/MB subgroups, the association of the more metal-poor GCs NGC 6254, NGC 6544 and NGC 6809 is more uncertain, given that accreted and in situ GCs occupy the same locus in the Si-Fe plane for those metallicities. We conclude that, while the overal trend on the Si-Fe plane of the LE GCs in our sample suggests an in situ origin, the position of that subgroup in IOM space does not preclude some of the members of that category having an accreted origin.
Finally, we highlight the case of NGC 6388. Although that GC is classified by Massari et al. (2019) as belonging to the MB subgroup, it is characterized by very low [Si/Fe] (∼-0.03), departing by ∼ 2σ from the mean [Si/Fe] of that subgroup at [Fe/H] ∼ -0.5. We discuss this GC in more detail in Section 4.4.
Accreted subgroups
In this subsection, we examine the distribution of GCs of accreted origin in the Si-Fe plane. Our analysis focuses on the following subgroups: H99, GE, and Seq.
The data for these GCs are displayed in Fig 4. We first focus on a comparison between the positions occupied by the accreted and in situ clusters. Our results show that the GCs associated with the three putative accreted systems all fall on the same locus in the [Si/Fe] plane, positioned on average at lower [Si/Fe] values than the MD and MB population (illustrated in Fig 4 as grey points) . This is commonly interpreted as the result of a history of star formation and chemical enrichment typical of low-mass galaxies, which dif- GC subgroups, illustrated alongside Liller 1 (yellow), with the 1 σ spread represented in black error bars. In grey we show the Galactic disc and bulge field populations defined kinematically according to Massari et al. (2019) . From these abundance plots, by accounting for the 1 σ spread uncertainties, we find that the more [Fe/H] rich LE GCs, namely NGC 6121, NGC 6441 and Pal 6 can be categorized to be from in situ origin. The other three LE GCs still occupy the same locus as the MD/MB subgroups, however due to their low [Fe/H] abundances and position in the IOM space (Fig 2) , it is possible that these more metal-poor GCs could be from an accreted origin. Furthermore, we find that Liller 1 occupies the same locus as the in situ GCs, which coupled with its high [Fe/H] value can be classified as a MB GC.
fers from that of the Milky Way (e.g., Tolstoy et al. 2009 ). The accreted origin of the GCs that are kinematically associated with GE, H99 and Seq is further confirmed by the fact that their position in the [Si/Fe] plane mimics that of field populations linked with past accretion events (Hayes et al. 2018; Mackereth et al. 2019) . We calculate the mean [Si/Fe] abundace given by GCs in the -1.5 < [Fe/H] < -1 regime for both our accreted and in situ populations, and find that the accreted groups display on average [Si/Fe] = +0.17±0.05, whereas the in situ subgroups display a higher average abundance [Si/Fe] = +0.25±0.03. This means that the two distributions differ at the ∼ 91.5% level.
Having established that the accreted subgroups occupy a locus of lower [Si/Fe] than that of in situ populations, we now turn to a discussion of the relative positions of the GCs from the three accreted subgroups in the Si-Fe space. As pointed out above, the GCs associated with the GE, H99, and Seq subgroups occupy the same locus on the abundance plane, within the errors. Such similarity in chemical space can be understood in two possible ways. On one hand, the different accreted subgroups may be associated to three separate similar-mass satellites. Alternatively, some, or perhaps all of them, could be part of the same accreted satellite. Consideration of the kinematic properties of the three systems may help distinguish between these scenarios. The GE system is strongly bound and mildly retrograde, whereas the other two groups are slightly less bound, with Seq being strongly retrograde and H99 strongly prograde. Massari et al. (2019) argue that two of the GCs associated with the Sequoia system (namely, NGC 3201 and ω Cen) have a relatively high probability of belonging to GE. Moreover, they point out that the Sequoia system's position in IOM space coincides with that of debris that Helmi et al. (2018) ascribe to Gaia-Enceladus.
Along the same lines, Massari et al. (2019) analysed the Helmi stream GCs employing the methodology described in Koppelman et al. (2019b) , and found that, when accounting for the age uncertainties, H99 occupies a locus in age-metallicity space that is consistent with the Gaia-Enceladus and Sequoia GC subgroups. Moreover, it has been shown that the field populations of the (Koppelman et al. 2019a) , and that the Helmi Stream displays an MDF which peaks at a value of [Fe/H] ∼ -1.5 (Koppelman et al. 2019b ), similar to value at which the Gaia-Enceladus MDF peaks (Helmi et al. 2018; Mackereth et al. 2019) .
We conclude that the combined evidence from GC subgroup chemistry and kinematics is suggestive of either a common origin for the Sequoia, Helmi Stream and Gaia-Enceladus stellar systems, or that these subgroups are associated with satellites which underwent similar chemical enrichment histories.
In closing this subsection we comment on the interesting case of NGC 288. On the basis of kinematics, Massari et al. (2019) assign it unambiguously to the GE subgroup, with a retrograde orbit and high orbital energy (see Fig 2) . However, its elemental abundances place it squarely on the in situ branch, ∼ 2σ off the mean of the GE subgroup at the same 
NGC 5904 and Liller 1
The study by Massari et al. (2019) did not assign Liller 1 to any particular kinematic subgroup, and concluded that NGC 5904 could be associated with either the GE or H99 subgroup. In this subsection we examine these GCs' positions in chemical space to see whether that information can help clarify whether they have an accreted or in situ origin.
We first compare the [Si/Fe] vs [Fe/H] abundance measurements obtained for Liller 1 with the other identified subgroups (see Fig. 3 ). Our results show that within the uncertainties, Liller 1 occupies the same locus in the [Si/Fe] vs [Fe/H] abundance plane as the in situ population, and therefore belongs to either the MD or MB subgroup. Unfortunately, there is no 6D phase-space information for Liller 1 (see Vasiliev 2019, for details) , and therefore we are unable to place kinematic constrains on the origin of this GC. Furthermore, Liller 1 is quite metal rich, with a mean In grey we show the halo field population defined as in Massari et al. (2019) . The GE, Seq and H99 accreted dwarf spheroidal subgroups occupy the same locus, displaying lower mean [Si/Fe] values to the GCs from the MD and MB populations at the same metallicity range -1.5 < [Fe/H] < -1. According to galaxy chemical-evolution models, this suggests that either: both accreted dwarf spheroidals must have had a similar chemical-evolution history and therefore have been of similar mass, or that some, possibly all, originate from the same accretion event. Below [Fe/H] < -1.5, the in situ and accreted groups are indistinguishable in the Si-Fe plane. NGC 288 displays higher [Si/Fe] values than the rest of the GE subgroup GCs (∼ 0.15 dex greater) of similar metallicity, however displays a clear accreted-like orbit (see Fig 2) . NGC 5904 clearly occupies the same locus as the accreted population of GCs. However, due to the uncertainties in the measurements, it is impossible to suggest to which accreted subgroup NGC 5904 belongs to. Along the same lines, NGC 6388 occupies the same locus as the [Fe/H]rich halo field population, which coupled with its retrograde orbit hints that this GC belongs to an accreted subgroup.
value of <[Fe/H]> Liller 1 -0.03±-0.05, which is much higher than the metallicities of the accreted GCs. Thus, our results suggest that Liller 1 has an in situ origin, agreeing with previous studies (e.g. Bica et al. 2016 ).
In the case of NGC 5904, our results show that the mean abundances place it on the same locus as the GCs associated to the accreted subgroups. Therefore, within the uncertainties our results suggest that NGC 5904 has an accreted origin (agreeing with the suggestion by Massari et al. 2019 ). However, since it is impossible to distinguish the accreted groups in Si-Fe space, we cannot establish an association of NGC 5904 to any particular accreted subgroup.
NGC 6388
As pointed out in Section 4.1, NGC 6388 displays a very low [Si/Fe] abundance ratio, departing significantly from the locus of the MB subgroup, to which it was associated by Massari et al. (2019) . Its position on the Si-Fe plane is consistent with an extrapolation towards high metallicity of the trend established by the accreted subgroups at [Fe/H] < ∼ -1. It also falls on top of the accreted field population in Fig. 4 . The mean abundances for NGC 6388 are based on values for 24 members, which we consider to be statistically robust. Specifically, the mean silicon abundance of NGC 6388 members (<[Si/Fe]> = -0.03±0.1) deviates from that of the high α sequence at same [Fe/H] (<[Si/Fe]> highα = +0.17±0.05) by ∼ 2 σ. It is also lower than that of the low α sequence (<[Si/Fe]> lowα = +0.02±0.04) by ∼ 1 σ. We note, however, that Carretta & Bragaglia (2018) obtained abundances for a comparable sample of NGC 6388 members, obtaining ∼0.4 dex higher mean [Si/Fe]. Wallerstein et al. (2007) also obtained a ∼0.3 dex higher mean [Si/Fe], although their mean abundances of Ti and Ca were around solar or lower (∼+0.06 and -0.05, respectively), depending on the log g adopted. On the other hand, Mészáros et al. (2019) analysed the APOGEE spectra using a different pipeline, obtaining similar results to those presented in this paper.
In order to check whether our result is due to systematics in the [Si/Fe] abundance ratios of NGC 6388 stars, we examined the abundances of other α-elements, such as Mg and Ca. For the latter element we found [Ca/Fe] = +0.09 ±0.11, which is lower than the values for the MB population at the same [Fe/H] ([Ca/Fe] = +0.19 ±0.02), deviating at the ∼ 1 σ level. Before estimating mean [Mg/Fe], one needs to select GC members that are not affected by the multiple population phenomenon. In order to isolate NGC 6388 stars belonging to the so-called "first population", we proceeded as follows. We use [N/Fe] in order to identify first population stars, since this abundance ratio is strongly enhanced in their second population counterparts (see, e.g. Renzini et al. 2015; Schiavon et al. 2017a,b; Bastian & Lardo 2018) . We define as first population stars those located within the bottom quartile of the [N/Fe] distribution of NGC 6388 members. By proceeding in this way, we are confident that we managed to isolate a subsample of first population GC stars, whose Mg abundances are not affected by the multiple populations phenomenon. For this subsample, we obtained [Mg/Fe] = +0.07 ±0.11, which again is lower than the mean value for the MB population ( [Mg/Fe] = +0.27 ±0.06) by ∼ 2 σ.
It is worth noticing that the relative position of NGC 6388 in α-Fe space is not the same according to different αelements. When Si is considered, NGC 6388 falls below the low-α sequence at the 1 σ level. On the other hand, the cluster falls on top of the low-α sequence when Mg or Ca are considered.
Due to NGC 6388 being a bulge GC, positioned in a crowded and dense field, it is likely that our sample is contaminated by field stars, mainly in the GC foreground. To ensure our previous findings are robust, we minimise field contamination by considering only N-rich stars, which belong to the "second-population" GC population stars. To obtain a clean sample of "second population" stars, we select only stars located at the top quartile of the [N/Fe] distribution. For second-population NGC 6388 stars defined in that manner, we find an average of [Si/Fe] = -0.07 ±0.08, which places NGC 6388 even further away from the in situ population. This solidifies our initial findings, and confirms that NGC 6388 displays lower [Si/Fe] abundances than those of other MB GCs of similar metallicity. Myeong et al. (2019) studied the properties of NGC 6388 in detail, showing that, on one hand, it is consistent with an accreted origin on account of its kinematic properties, but on the other its combination of age and metallicity places it on top of the relation defined by the in situ GC population for those two parameters (see also Kruijssen et al. 2019) . We determined the orbital energy and azimuthal action of NGC 6388 (see Fig 2) , finding its orbit to be retrograde, in agreement with Myeong et al. (2019) , but cannot distinguish between a possible association to the MB, LE, or the Seq subgroups. Furthermore, Milone et al. (2019) classified NGC 6388 as a Type II GC, based on the ratio of firstpopulation to second-population stars. They also obtain the IOM of this GC, and conclude that NGC 6388 is likely from an accreted origin. We summarise our results for NGC 6388 as follows: 1) the [Si/Fe] abundance for this GC differs from that of the MB/MD population at the 2 σ level; 2) it differs from that of the low-α at the 1 σ level; 3) Figure 4 shows that NGC 6388 falls on top of the accreted field halo populations in the Si-Fe plane; 4) its position in the IOM does not provide a unique distinction between an accreted or in situ origin. In view of these results, it is fair to conclude that the data suggest a possible accreted origin for NGC 6388.
CONCLUSIONS
In this work, we have employed the sixteenth data release from the SDSS/APOGEE survey in order to map the kinematic properties of Galactic GCs into their positions in the chemical compositions space. We contrast positions, and APOGEE abundances and radial velocities with information gathered from the 2010 edition of the Harris GC catalogue (Harris 1996) and the Baumgardt & Hilker GC catalogue (Baumgardt & Hilker 2018; Baumgardt et al. 2019) to obtain a primary GC sample in APOGEE, which we refine to obtain an accurate GC membership list. We obtain a final main GC sample of 3090 stars, associated with 46 GCs, from which then ω Cen, Terzan 5 and NGC 6715 are removed for reasons detailed in Section 3.1, leaving us with a sample of 1,728 stars associated with 43 GCs. We assign membership to various kinematic subgroups according to the classification by Massari et al. (2019) . We then examine the distributions of the various GC subgroups in chemical space, more specifically the plane defined by α and Fe abundances. After excluding GCs with fewer than three member stars, we identify in our sample 9 GCs associated to the MD group, 10 to the MB, 9 to the GE dwarf spheroidal, 5 to the H99, 6 to the LE group, 2 to the Seq dwarf spheroidal and 0 to the Sag dwarf spheroidal. Furthermore, we find 2 GCs (namely, Liller 1 and NGC 5904) for which there remains an uncertain association.
We make use of Si abundance measurements in APOGEE as our tracer of α-elements abundance, and plot them as a function of [Fe/H] with the goal of gaining insight into the nature of the different kinematic subgroups. In this comparison, we search for any possible plateau or knees that may present themselves in an [α/Fe] vs [Fe/H] plane. Our results and conclusions are unchanged by adoption of the sample and abundances presented by Mészáros et al. (2019) . Our conclusions can be summarised as follows: (iii) When examined separately, the MD, MB, and LE subgroups track the field population, however due to the relatively small sample size these subgroups do not sample the metallicity space densely enough to define the trend separately from the other subgroups. Three out of six of the LE GCs (namely, NGC 6121, NGC 6441 and Pal 6) fall on the high-metallicity side of the knee and follow the trend of the field populations, leading to the conclusion that they have an in situ origin. The three metal-poor GCs from the LE subgroup (namely, NGC 6254, NGC 6544 and NGC 6809) fall in the region of Si-Fe where accreted and in situ GCs are indistinguishable, so their origin is less certain. We conclude that the chemical properties of the LE subgroup as a whole are consistent with an in situ origin, but given its borderline position in IOM space, individual clusters belonging to this subgroup could have an accreted origin.
(iv) GCs from the accreted H99 and GE subgroups occupy the same position in chemical space. That is also the case for the GCs in the Seq group, but since our sample contains only two Seq GCs, the result for that subgroup is not as firm. This result suggests that GCs from these subgroups are associated to accreted satellites of similar masses, or possibly originating from one common progenitor. Based on its position on the IOM space, it is possible that the GCs from the Seq and GE subgroups actually once belonged to the same system, as suggested by other groups (e.g., Massari et al. 2019 ).
(v) NGC 6388 is found to present Si, Mg, and Ca abundances that are considerably lower than those of other GCs in the main bulge subgroup and similar [Fe/H]. The evidence from other studies in the literature is not conclusive, so more studies exploring other spectral regions and different α-elements are required to ascertain the low-α nature of this GC. Considering the orbital characteristics, a confirmation of this result will lend strong support to the notion that NGC 6388 was in fact accreted to the Milky Way, as also suggested by other groups (e.g. Milone et al. 2019; Myeong et al. 2019 ).
(vi) NGC 288 is found to present Si, Ca and Mg abundances that are considerably higher than those of other accreted GCs of similar [Fe/H]. It is characterized by a highly unbound retrograde orbit. We conclude that NGC 288 is an unusual GC where the kinematic properties suggest an accreted origin which is not fully compatible with the its chemistry. More work is needed to clarify the origin of this object.
(vii) Comparison of the mean [Si/Fe] vs [Fe/H] chemical compositions of Liller 1 and NGC 5904 with those of the different kinematic subgroups suggests that Liller 1 possibly associated with the in situ subgroups and that NGC 5904 was likely accreted. We cannot, on the basis of the extant data, establish to which accreted subgroup this GC is associated.
In summary, the information provided by the sixteenth APOGEE data release has enabled a study of the chemicalabundances of the Galactic GC system, shedding light on the origin of a reasonably representative sample of the Milky Way GC system. The combination of the chemicalabundance information delivered by APOGEE and the kinematic 6D phase-space information provided by Gaia provides interesting insights into the origin of the Milky Way GCs. Expansion of such data bases to a larger sample of Galactic GCs will shed new light on the Galaxy's early mass assembly history. Figure A1 . Metallicity distribution functions for the GCs in the main sample. The blue histogram represents the GC members obtained before employing the MDF sigma clip cut, for which the resulting members are highlighted as the yellow histogram. The red histogram are the resulting members after performing a second MDF sigma clip. Recall that for each GC a different clip was applied, depending on the cluster and the MDF distribution. Figure A6 . Fig A4 continued . This paper has been typeset from a T E X/L A T E X file prepared by the author.
